Finely ground extruded corn pericarp dietary fiber (ECPDF) was incorporated in wheat flour at 2%, 5%, 8%, 10% and 12% levels and the effects of ECPDF on dough rheology, raw and cooked dumpling wrapper quality were investigated in this paper. Results showed that water absorption, extensibility and ratio number had significant correlation with ECPDF replacement level; the optimal cooking time and cooking loss rate of dumpling wrapper decreased with adding EPCDF from 0% _ 12%; all textural parameters of raw dumpling wrappers were significantly correlated with ECPDF addition; springiness, cohesiveness and resilience of cooking samples had significant correlation with ECPDF. The highest substitution level was considered as 10% ECPDF in the range of our studies.
Introduction
The lack of dietary fiber consumption is associated with the risk of coronary heart disease, diabetes, obesity, and some forms of cancer (Mann and Cummings, 2009) . Dietary fiber can also influence some functional properties of foods, such as water holding capacity, oil holding capacity, emulsification, and/or gel formation. Fiber-rich by-products with high dietary fiber and bioactive compound contents possess several beneficial nutritive and protective effects (Drizikova et al., 2005; Parmar and Kar, 2007; Sturtzel et al., 2010) . Corn pericarp is a by-product of starch production and an important source of dietary fiber in cereals (Watson, 2003) , which is discarded or used as animal feed (Yu, 2005) . The arteriosclerosis index of rats fed with corn pericarp dietary fiber was lower than those fed with wheat bran and red beans (Dong et al., 2000) .
Dumplings are a kind of traditional food in China that is preferred by all kinds of consumer groups. Cooked fresh-made dumplings have better mouth-feel and flavor than the cooked frozen type, which are consumed widely. The wrapper's handling properties and filling characteristics heavily determine the quality of both raw and frozen dumplings (Zhang et al., 2011) . The dumpling wrapper mainly made from wheat flour. Flour characteristics are important factors affecting the quality of dumplings (Lou and Yang, 2004) . Compared with bread and noodles, dumplings are rarely studied. Research on the relationship between the quality characteristics of flour and dumpling wrapper quality have not been thoroughly investigated (Wang and Liang, 2003) , especially when using flour blends enriched with dietary fiber for dumpling wrapper making.
The objective of this paper was to investigate the influence of dietary fiber prepared from corn pericarp by extrusion for the partial substitution of wheat flour on the rheological properties of wheat dough and study the quality of dumpling wrapper prepared from the blend flours. Farinograph and extensograph tests of Dough Dough specimens were prepared from blends containing 0% (control), 2%, 5%, 8%, 10%, and 12% (w/w) extruded corn pericarp dietary fiber (ECPDF) flours by substituting wheat flour. The effect of ECPDF on the mixing profile of the dough was investigated using farinograph-E (Brabender, Duisburg, Germany) (ISO5530-1-1997).
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Effect of Extruded
The dough extensibility was studied using extensograph-E (Brabender, Duisburg, Germany) (ISO5530-2-1997).
Farinograph indices were determined, including the water absorption of a blend, development time of dough, stability of dough, the degree of softening of dough, and farinograph quality number.
The indices, such as extensibility, resistance to extension at constant deformation (50 mm), ratio number, and energy were determined through extension tests. Farinograph and extensograph indices were determined in four replications.
Evaluation of dumpling wrapper quality
(1) Preparation of raw dumpling wrapper The dumpling wrapper (55 mm in diameter) was cooked in 500 mL boiling distilled water at the optimal cooking time.
Cooking water was collected in stainless steel pots pre-dried to a constant weight. The stainless steel pots were placed into an air oven at 105℃ and evaporated to dryness. The residue was weighed and the cooking loss was reported as a percentage of the starting material (calculated by dry basis).
At the same time, the dumpling wrapper samples were removed from the cooking water and drained for 2 min, and the weight was evaluated. The cooking yield was expressed as the mass ratio after and before cooking.
(4) Texture properties of dumpling wrapper
Texture profile analysis (TPA) and shear test of the uncooked and cooked dumpling wrappers were detected using a TA-XT Plus texture analyzer (Stable Micro Systems Ltd., Surrey, UK) according to the method described by Yilmaz et al. (2012) . The samples were cooked in the same procedure as mentioned above.
The cooked wrappers were drained of surface water and kept in distilled water for 30 s before analysis. Fresh dumpling wrappers were analyzed directly. 
Results and Discussion
Farinograph characteristics and extensographic properties of dough
The results of the dough properties as influenced by ECPDF enrichment are shown in Fig. 1 . Water absorption increased from 62.6% to 72.9% with the increase of the ECPDF proportion in the blend from 0% to 12%, respectively. Dough development time increased with the increase of ECPDF proportion from 2% to 10% but decreased at 12% ECPDF. The dough sample containing 8% ECPDF exhibited higher stability.
The degree of dough softening decreased with the increase of the ECPDF proportion in flour blends from 0% to 8% but increased as the ECPDF proportion increased from 8% to 12%. The farinograph quality number steadily increased with ECPDF proportion from 0% to 8% but decreased from 8% to 12%. The characteristics of strong flours include a long development time, high stability with a small degree of softening, and high farinograph quality number (Mohammed et al., 2012) . Therefore Correlations between addition levels of ECPDF and rheological parameters were shown in Table 1 . Water absorption is the farinograph parameter best correlated with ECPDF proportion, which is in agreement with the observations of Wang et al. (2002) .
This was likely caused by the high soluble dietary fiber content (14.7%) in ECPDF, which allows more water interactions through hydrogen bonding (Rosell et al., 2001) . Extensibility and the ratio number were negatively significantly correlated with ECPDF proportion.
Cooking properties of dumpling wrapper Dumpling quality is
determined by the characteristics of both wrapper and filling. Thus, wrapper properties play an important role in dumpling quality. The cooking process is an important procedure in dumpling preparation.
Although the cooking properties of dumpling wrapper were rarely investigated, some studies on the cooking characteristics of noodles, related to the determination of the acceptability of noodles by consumers, have been conducted (Güler et al., 2002; Tudoricǎ et al., 2002) . Thus, based on the detection method of noodle cooking
properties, the quality of dumpling wrapper cooking was evaluated in terms of optimal cooking time, cooking yield, and cooking loss.
The cooking properties of the dumpling wrappers are shown in Table 2 . Compared with control (without ECPDF) , the addition of ECPDF slightly decreased the optimal cooking time and cooking loss of dumpling wrapper, but without any significant changes.
However, cooking yield significantly increased with the increase of ECPDF proportion from 0% to 12%, perhaps due to the highly hydrophilic properties of ECPDF.
Texture properties of cooked dumpling wrappers Texture is one of the major quality attributes that determine sensory quality (Varela et al., 2008) . Textural profile analysis (TPA) is one of the accepted instrumental methods of detecting the sensory texture attributes. Textural attributes of the raw and cooked dumpling wrappers were measured and summarized in Table 3 and Table 4 .
The hardness, absolute value of adhesiveness, springiness, cohesiveness and chewiness of raw and cooked dumpling wrappers with ECPDF were all higher than the control. No significant differences were observed in springiness, cohesiveness, and resilience among raw samples with ECPDF and in springiness, chewiness, resilience among cooked samples with ECPDF. The results suggested that ECPDF enrichment didn't compromise drastically the wrapper texture. Different ECPDF percentages ranging from 2% to 12% did not affect the springiness and resilience of raw and cooked dumpling wrappers.
Correlations between addition of ECPDF and the texture profiles of raw and cooked dumpling wrapper were summarized in Table 5 . The results illustrated that all textural parameters of raw dumpling wrappers were significantly correlated with ECPDF addition (p < 0.05), whereas only the springiness, cohesiveness, and resilience of cooked samples were significantly correlated with ECPDF (p < 0.05). The cooking process altered the texture properties of dumpling wrappers and increased the springiness and cohesiveness of dumpling wrappers Values with the same superscripts in a line did not differ significantly (p < 0.05). Mean ± standard deviation of three replicates.
Conclusions
Adding ECPDF brought health benefits to dumpling wrappers while didn't compromise significantly the texture properties of the product. Water absorption was the farinograph parameters best correlated with the addition levels of ECPDF. Extensibility had negatively significant correlation with ECPDF replacement percentage. The optimal cooking time and cooking loss of dumpling wrapper decreased and water absorption capacity increased with adding EPCDF from 0% _ 12%. All textural parameters of raw dumpling wrappers were significantly correlated with ECPDF addition; and that the parameters of cooking samples which still had significant correlation with ECPDF were springiness, cohesiveness and resilience. The highest substitution level was considered as 10% ECPDF.
